This paper
Introduction
Human respiration is one of the complicated flow phenomena relating medical problems. The gas exchange mechanism in the airway of human lungs has not been clarified in detail. In medical treatment for patients with respiratory disorder, understanding of gas exchange efficiency in the airway is very important factor to develop and improve artificial respiration system. For this purpose, flow analysis in the airway for both cases of normal respiration and artificial respiration is required. The lung is a complex network of successive bifiircations. The airways, from the trachea to the alveolar zone, divide by dichotomy and become shorter and narrower as they penetrate deeper into the lung. As a result, in vivo investigations of pulmonary flows are not possible, and in vitro experiments in models have to be performed. Several studies have also been carried out for the flow in bronchioles duct of the human lungs . However the mechanism of gas transfer, flow pattern and diffusion in the end zone of human lung, especially in bronchial and alveoli, has not been clarified in detail.
In this paper, Micro PIV technique has been used to measure the velocity field for oscillatory flow conditions. The oscillatory flow in the Y-shaped duct was measured and discussed on the response near wall flow in detail. Figure 1 shows the bronchial tree in lungs inside. Lungs are very complex structure as shown Fig. 1 . Table 1 shows respiratory flow parameters for each respiratory condition at the trachea.
At normal conditions of respiration, the tidal ventilation volume, VT of adult is about 500 ml. The inhaled air fills the trachea, the bronchi and the bronchial, and the contact surface with the physiologically residual air reaches at the respiratory bronchiole and the alveolar ducts. The inhaled air does not reach directly to the alveoli, and the gas exchange occurs at the region of the respiratory bronchiole and the alveolar duct.
The part of the airway filled from the trachea to the respiratory bronchiole does not be involved in the gas exchange, and it is called the dead space ventilation volume. The volume is about 150 ml of air at a time. These figures show that the peak of velocity profile in the parent tube appears along the centerline in axial direction during the influx phase, however, in the daughter branches, the peak positions are sifted toward outside wall. During the efflux phase, the flows from the both daughter branches join and develop quickly in the parent tube. Figure 6 also shows phase locked graph and ensemble average velocity at the maximal exercise conditions. In the light of the results of this experiment, the velocity filed pattern of normal breathing conditions is tantamount to that of maximal exercise conditions. However, the peak velocity profiles at the centre of the flow between these two conditions are different. The maximal exercise case is faster than those found in the normal breathing condition. Figure 7 shows pressure variation, streamline and axial velocity contours in left half, and velocity vector map in right half at influx and efflux phases for 20Hz. The various conditions for oxygenation and ventilation will be considered in future works. Figure 8 shows the velocity profiles in the parent channel (y/D=1) for each breathing conditions. The ordinate is y/D, where y is the distance from junction of daughter channels and D is the width of parent channel. These figures show that the oscillatory velocity amplitude decreases as the frequency increases, and the velocity profiles change with the frequency. It is considered that the oscillatory flow at low frequency can be assumed as quasi-steady flow, but unsteadiness of oscillatory flow appears as increase of the frequency.
Conclusion
In this study, fundamental characteristics of oscillatory flows in a model of bronchial in each breathing conditions and HFOV mode have been investigated by being based on phase averaged velocity measurements at the fixed influx and efflux phases. In order to explain the variations of flow pattern and the velocity profiles in each phase depending on the driving frequency, some unsteady effects like the mixing effect or the velocity fluctuation at the junction must be considered by applying time series measurements of oscillatory flow. And also more precise measurements with fine spatial and temporal resolutions must be performed to clarify complicated phenomena in oscillatory respiration flow in bronchial such as secondary flow), steady streaming , and annular effect.
